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Abstract 
Two-year community colleges and four-year universities provide the bulk of the human resource 
talent needed by the Nation’s manufacturing sector. However, micro/nano-scale technologies are yet 
to find their way into the mainstream manufacturing curriculum taught at these institutions. In addition 
to being relevant to the training of the next generation of manufacturing professionals, these 
technologies are also strategic in painting a positive picture of manufacturing for the youth in the 
United States. This paper presents preliminary findings from the implementation of a collaborative 
micro-manufacturing education module between Rensselaer Polytechnic Institute (RPI), a four-year 
research university, and Hudson Valley Community College (HVCC), a two-year community college, 
located in upstate New York. The module focuses on introducing two processes, viz., micro-
machining and electrospinning, as part of the existing manufacturing curriculum at both institutions. 
The preliminary findings indicate that the students from both institutions appreciate the exposure 
provided by the module. A key aspect of this collaboration is the co-located educational-space model 
where RPI maintains the high-end equipment infrastructure, while HVCC students have access to the 
space and the resources of the RPI teaching team. This case study illustrates that the geographical 
proximity of educational institutions, coupled with their complementary student demographic and 
mission in terms of manufacturing research and education, can result in a symbiotic relationship that 
promotes the cause of advanced manufacturing in the United States.  
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1 Introduction 
Advanced manufacturing *  has recently taken center-stage in the United States (US) with the 
federal government rolling out major programs, including, the Advanced Manufacturing Partnership 
(AMP), Materials Genome Initiative, and the National Network for Manufacturing Innovation 
(NNMI), that are aimed at promoting US-based manufacturing [ Holdren et al., (2012)] . These 
initiatives are in response to the 2011 report submitted by the President’s Council of Advisors on 
Science and Technology (PCAST) that identified advanced manufacturing to play a significant role in 
“revitalizing U.S. leadership in manufacturing and in supporting economic productivity and on-going 
knowledge production and innovation in the Nation” [ Holdren et al. (2011, 2012) ]. While these 
initiatives point towards a possible resurgence of the high-value manufacturing sector in the US, 
achieving the above goal is currently hampered by two major roadblocks. First, there is a serious 
shortage of trained manufacturing professionals in the US, and second, there is a poor perception of 
manufacturing jobs amongst the youth in the US that has affected recruitment and retention of 
professionals in this field [Morrison et al. (2011), Giffi et al. (2011)]. 
A 2011 study titled “The Skills Gap in U.S. Manufacturing” sponsored by Deloitte and The 
Manufacturing Institute identified that the national educational curriculum is not producing 
professionals with the basic skills needed to expand or improve productivity [Morrison et al. (2011)]. 
Skilled production employees, (i.e., machinists, operators, technicians etc) and production support 
employees, (i.e., industrial and manufacturing engineers, production planners etc.) were identified as 
the top two human resource pools that are currently facing shortages or skill deficiencies. Another 
study titled “The Public’s View of the Manufacturing Industry Today” highlighted that among 
college-aged 18-24 year olds, manufacturing ranks dead last among seven key industries in which they 
would choose to start their career [Giffi et al. (2011)]. While the reasons for this attitude are complex, 
this fact, coupled with the reality of a projected shortage of trained professionals, poses steep 
challenges for the manufacturing industry in the US. In the light of the current circumstances, there is 
a serious national need to recruit students in the US to pursue manufacturing-centered careers and to 
expose them to a manufacturing curriculum that is relevant to the 21st century. 
Currently, US-based two-year community colleges and four-year universities provide the bulk of 
the human resource talent needed by the Nation’s manufacturing sector [Jack (2010); Sparr (1988); 
Zimmerman (1992)]. The manufacturing curriculum implemented in these institutions typically 
consists of content that focuses on macro-scale manufacturing processes such as milling, drilling, 
turning, casting, polymer processing and composite manufacturing.  The cutting edge 21st century 
manufacturing research areas in the micro/nano-scale domain have yet to find their way into the 
mainstream manufacturing curriculum [Todd et al. (2001), Philip et al. (1988)]. In addition to these 
manufacturing technologies being relevant to the training of the next generation of manufacturing 
professionals, they are also strategic in painting a positive view of manufacturing in the US. Thus, 
there is a critical need to create synergistic pathways for the introduction of micro/nano-scale 
manufacturing topics into the manufacturing curriculum taught at both the two-year community 
colleges and four-year universities in the US. 
This paper presents the preliminary findings from the implementation of a collaborative micro-
manufacturing education (MME) module between Rensselaer Polytechnic Institute (RPI) and Hudson 
Valley Community College (HVCC), located in upstate New York. This case study illustrates that the 
geographical proximity of educational institutions, coupled with their complementary student 
demographic and mission in terms of manufacturing research and education, can result in a symbiotic 
relationship that promotes the cause of advanced manufacturing in the United States.  The preliminary 
findings indicate that the students from both institutions appreciate the exposure being provided by the 
                                                          
* As defined in the 2011 Report to the President on Ensuring American Leadership in Advanced Manufacturing” [Holdren et al. 
(2011)] 
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module. As the module gets integrated into the curricular framework at both the institutions, it is 
expected to have a positive impact in the manufacturing interests of students in the upstate NY area.  
The remainder of this paper is organized as follows. Section 2 outlines the profiles of the two 
institutions followed by Section 3 that provides the details of the collaborative module 
implementation. Sections 4 and 5 provide an overview of the curricular content of the module and 
assessment results, respectively. Finally, Section 6 provides specific conclusions that can be drawn 
from this collaborative effort.   
2 Institution Profiles 
 The two institutions involved in this collaborative effort are Rensselaer 
Polytechnic Institute (RPI) and Hudson Valley Community College (HVCC), both 
based in Troy, NY. Rensselaer Polytechnic Institute is the oldest technological 
research university in the United States (founded in 1824) with the mission “to apply 
science to the common purposes of life”. It currently has a thriving manufacturing 
research and education program, with the New York state-funded Center for Automation Technologies 
and Systems being the flagship manufacturing research and development arm of the university. The 
key areas of manufacturing research include micro and nano-scale manufacturing, advanced 
composites engineering, robotics and industrial automation, optomechatronics, and biomedical 
systems. On the manufacturing education front, the Rensselaer Manufacturing Innovation Learning 
Laboratory (MILL) provides a state-of-the-art undergraduate manufacturing education experience.  
Since its inception in 1982, the MILL (formerly known as the Rensselaer Advanced Manufacturing 
Lab) has been recognized as a leader in manufacturing education by the American Society of 
Mechanical Engineers and the Society of Manufacturing Engineers, through their student design and 
manufacturing competitions. With a recent National Science Foundation Transforming Undergraduate 
Education in STEM Phase-1 grant (Grant # DUE 1245910), Rensselaer has taken steps to introduce 
micro-scale manufacturing education as part of the undergraduate experience in the MILL. 
Founded in 1953, Hudson Valley Community College (HVCC) has a core mission 
of “providing dynamic, student-centered, comprehensive, and accessible educational 
opportunities that address the diverse needs of the community”. It is sponsored by 
Rensselaer County and is part of the State University of New York system. The flagship 
Mechanical Engineering Technology Program at HVCC is an ABET accredited program 
with an enrollment of nearly 100 students, including 1st and 2nd year students. A majority of HVCC 
students opt to transfer to a 4 year institution upon graduation to pursue a B.S. in either Mechanical or 
Manufacturing Engineering Technology, while the remaining seek and find employment within their 
field as engineering technicians.  
The geographical proximity of RPI and HVCC coupled with their unique student demographics 
and missions in terms of manufacturing research and education have been foundational to the 
collaborative manufacturing education framework reported in this paper. 
3 Collaborative Module Implementation Details 
The objective of the two-week collaborative module was to introduce the topic of micro/nano-scale 
manufacturing, as part of existing undergraduate courses in the areas of manufacturing and design at 
both RPI and HVCC. The activities pursued as part of this collaborative manufacturing education 
framework were centered on two distinct advanced manufacturing processes, viz., micro-milling, and 
electrospinning (E-spin). Micro-milling is a micro-scale subtractive manufacturing process used for 
making products with a critical dimension of 10-500 µm [Liu et al. (2004)]. The E-spin process is a 
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nano-scale deposition technique that results in the manufacture of nanofibers in the 20-500 nm 
diameter range [Huang et al. (2003)]. The two manufacturing processes were chosen for the following 
reasons:  
x Relevance: The two processes collectively impact a multi-billion dollar industry that is relevant 
to the careers of students graduating from universities in the U.S. Furthermore, the varied 
processing nature and size-scales of these processes will enable the students to comprehend the 
challenges involved in micro/nano-scale manufacturing. 
x Institutional Synergy: Micro/nano-scale manufacturing processes provide the synergy needed for 
an effective collaboration between the two institutions. For RPI, these processes are part of the 
manufacturing research portfolio, whereas for HVCC students and faculty, these processes 
represent a new addition to their manufacturing curriculum. 
x Transportability: The processes chosen provide an avenue to discuss two core engineering 
topics, viz., 1) closed-loop control/sensing, and 2) material science. This is critical to ensure the 
transportability and scalability of the module so that in addition to being offered as part of 
existing manufacturing courses, it can also be adapted in other engineering courses. Furthermore, 
these processes do not require a clean-room environment and therefore can be easily transported 
to other institutions without significant infrastructure costs. 
3.1 Micro-manufacturing Education (MME) Module Structure 
The 4MAT learning system developed by McCarthy (1984) has been widely accepted for 
engineering education and is the basis for our MME module implementation. The 4MAT system 
combines the theories of the Kolb (1984, 1985) model with other learning theories, and is based on the 
supposition that learning occurs best as the students pass through each of the four quadrants of the 
 
 
Figure 1: 4MAT learning cycle -based collaborative module activities 
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learning cycle shown in Fig. 1 [Harb et al. (1993,1995)]. As outlined in Fig. 1, the overall module will 
start in Quadrant-1, with a concrete experience that leads to reflective observation to ultimately answer 
the question “Why is the material to be covered in this module important?”. This segment of the 
module will consist of assigned readings related to these topics and an active classroom discussion 
aimed at painting a realistic picture of manufacturing in the U.S. The activities done as part of this 
quadrant will be geared towards gauging the current perception of students towards manufacturing and 
challenging their wrong perceptions, if any, by linking innovation and creativity to manufacturing.  
The exciting education, research and career opportunities offered by manufacturing careers in the US  
will also be discussed. 
 Quadrant-2 moves the students from reflective observation to abstract conceptualization and is 
geared towards answering “What body of knowledge are the students expected to learn?” The 
activities in this quadrant will primarily be in the form of classroom lectures that cover the basic 
process science involving the two candidate processes. The specific content covered in each of the 
lectures is highlighted in Table 1. Emphasis will be placed on highlighting other candidate processes 
that fit in the domain of “Micro/nano-manufacturing”, which the students could pursue as self-study 
for the future. This will be followed by activities pursued in Quadrant-3 that move the students from 
abstract conceptualization to active experimentation and are geared towards answering the question 
“How do the processes work?”  This part of the module will be in the form of hands-on laboratory 
experiments done by the student teams (refer Table 1 for details). 
Finally, the students move from active experimentation to concrete experience by asking “What 
if”-type questions and “doing something with the knowledge” gained through the module. As the 
module is geared towards changing student perceptions towards manufacturing, this portion of the 
module will require the students to write a reflective essay outlining how their views about 
manufacturing have evolved over the course of the educational activities done in the module. The 
students will also be assigned the unique opportunity to creatively answer the question: “What if you 
Table 1:  Micro/Nano-scale Manufacturing Module components 
Process 1: Micro-Milling 
Quadrant 2 – Reflective Observation to Abstract 
Conceptualization : Classroom Lecture Topics  (1 hr) 
Quadrant 3 – Abstract Conceptualization to Active 
Experimentation: Laboratory Sessions (2 hrs) 
x Difference between micro and macro-scale 
milling, tooling and workpiece location 
challenges.  
x Material removal mechanics at the micro-scale: 
This topic builds upon their existing 
understanding of the shear-based merchant circle 
theory of material removal and introduces the 
concept of minimum chip thickness [29-32].  
 
x The module on micro-milling involves the 
students performing machining of micro-scale 
artifacts (e.g. micro-gear) on different substrates 
under different feed per tooth, cutting velocity 
conditions.  
x The tool wear and the surface characteristics of 
the machined part are used to explain the concepts 
of micro-machining.  
x At the end of this session, the students should be 
able to do basic process planning for micro-
milling. 
Process 2: Electro spinning 
Quadrant 2 – Reflective Observation to Abstract 
Conceptualization : Classroom Lecture Topics  (1 hr) 
Quadrant 3 – Abstract Conceptualization to Active 
Experimentation: Laboratory Sessions (2 hrs) 
x Physics of electrospun fiber formation 
x Relationship between processing parameters and 
fiber diameter 
x Fabricate nanofiber mats of varying diameters by 
changing the processing conditions of the nozzle. 
x The students should be able to do basic process 
planning for E-spin, including design of  
electrode configurations. 
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were given the opportunity to paint the true picture of advanced manufacturing in the US, what would 
you convey and how?” This segment of the module is geared toward allowing the students an 
opportunity to internalize the learning experience and to create unique solutions to educational 
outreach. 
The two-week MME module was implemented between August 2014-Dec 2015 at both RPI and 
HVCC, as part of the courses listed in Table 2. Given the limited time-slots available during the 
semester to introduce the content, the efforts were primarily focused on Quadrants 2 and 3 (Fig. 1). 
Quadrant 1 (Fig. 1) activities were limited to only assigned readings and a short in-class presentation 
about the manufacturing crisis facing the Nation. Quadrant 4 activities were limited to graduate 
student participants, who provided valuable feedback via post-lab surveys. These graduate students 
were from the Advanced Manufacturing Processes and Systems (AMPS) course, listed in Table 2. 
 
3.2 New Rensselaer Manufacturing Education Space and Technology 
Infrastructure 
Shortcoming of Using Research Infrastructure: A major shortcoming of the activities carried 
out in Year-1 (Fall 2014, Spring 2015) of this collaboration was that the module was centered on the 
instrumentation capabilities of the Nano/micro-scale Manufacturing and Material Design Lab located 
in the Jonsson Engineering Center (Room 2209). Given that the instruments in this lab are dedicated 
for research activities, the students had very little hands-on experience on the modules. This was 
identified as a major weakness of the module as it would affect its effective integration into the 
undergraduate manufacturing curriculum.  To address this shortcoming, it was critical to not only 
Table 2 : List of courses selected for implementing the course module 
Rensselaer Polytechnic Institute, Troy , NY 
Course: ENGR - 4710 Course Level: Juniors & Seniors 
# students: 75 
Nature of course: Elective 
Manufacturing Processes and Systems I (MPS-1): Theory and laboratory experimentation in selected 
modern manufacturing technologies. Topics include robotics, injection molding, computer numerically 
controlled (CNC) machines, metal processing systems, nondestructive testing (NDT), and industrial safety. 
Course: ENGR - 6700 Course Level: Senior and Graduate 
# students: 25 
Nature of course: Elective 
Advanced Manufacturing Processes and Systems (AMPS): Theory and laboratory experimentation in 
selected advanced manufacturing technologies, viz., micro-manufacturing, additive manufacturing, 
composites manufacturing, and digital manufacturing. 
Hudson Valley Community College, Troy, NY 
Course:  MECT 120 Course Level: Freshmen # students: 45 Nature of course: Required 
Manufacturing Processes:  Manufacturing Processes provides the student with an introduction to various 
manufacturing processes and related technology through both lecture and hands on laboratory projects. 
Topics included cover the 6 primary areas of secondary processing including Casting/Molding, Forming, 
Separating (machining), Assembly, Finishing, and Conditioning. 
Course:  PHYS 151 Course Level: Sophomore # students: 45 Nature of course: Required 
Physics:  The second of three calculus-based introductory physics courses supporting the customary 
baccalaureate science or engineering degree requirement. Topics included are gravitation, electric and 
magnetic fields, and DC and AC circuits. The theory is accompanied by a comprehensive laboratory in 
which clarification of basic principles and accuracy of data taking are stressed. 
A Research University and Community College Collaboration Model Samuel et al.
1173
  
create a new educational space to house the module but to also equip this space with complementary 
advanced manufacturing technologies that could serve the manufacturing education needs of the 
students, both at Rensselaer and HVCC.  
New Manufacturing Education Space: Given the institute-wide focus on updating the Rensselaer 
undergraduate manufacturing curriculum, and the traction generated by the activities on the MME 
module, the Rensselaer School of Engineering approved the creation of a new expansion space for the 
Rensselaer Manufacturing Innovation Learning Lab (MILL) during the Summer of 2014. Given the 
Rensselaer MILL's current leadership in undergraduate manufacturing education, this expansion space 
provided a perfect backdrop for housing the collaborative MME module. The new technologies 
procured specifically for this MME module include: 
x High-speed Milling machine: In order to ensure that the students could perform the micro-
milling module, a new HAAS three-axis milling machine was procured from Allendale 
Machinery (Fall 2014) as part of an entrustment agreement. While this HAAS OM-2 model 
does not match the Mikrotools DT 110 research testbed (used in Year 1) in its performance, it 
has a 30,000 RPM and a positional accuracy of + 10 micron, both of which can be used to 
convey micro-milling basics to undergraduate students  
x Metrology Equipment: Alicona Imaging GmbH is the world’s leading manufacturer of non-
contact metrology equipment used for characterizing micro/meso-scale tools and products. 
Resselaer has successfully negotiated a two-year entrustment agreement to house their latest 
Infinite Focus G-5 micro-coordinate measuring machine. Using this tool the students will be 
able to characterize the micro/meso-scale tool geometries, surface characteristics of micro-scale 
parts and the diameters of the electrospun fibers.  
It should be noted here that the entrustment agreement includes a standard damage clause that requires 
only trained Rensselaer personnel to operate both the machines.  
Co-located Educational-space Model: Figure 2 highlights the new MILL expansion space, along 
with the current technologies housed there. For the success of the MME module, we envisioned a co-
located educational-space model for our partner institutions, i.e., while the Rensselaer team will 
maintain the high-end equipment infrastructure and ensure the continued improvement of the modules, 
the space will be accessible for the instructional needs of the partner institutions. Given the 
geographical proximity between Hudson Valley Community College and Rensselaer, this model was 
successfully piloted in Year-2 with a small group of HVCC students (Refer Section 4-5 for details). 
While mid-semester scheduling was a challenge across the two institutions, all associated faculty 
 
Figure 2: Co-located educational space for MME module (Rensselaer MILL Expansion room)  
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members are convinced that, in the long-term, this co-located educational-space model will ensure the 
effective integration of these modules into the HVCC manufacturing curriculum.   
4 Curricular Content 
This section will briefly present the curricular content of the MME module (Quadrant 2 and 3 
activities, Fig. 1). The student demographic experiencing these modules varies from the freshman and 
sophomore students from HVCC, to the Junior and Senior undergraduates at RPI. Therefore, the 
content has to be dynamically adjusted to meet the educational needs of the demographic. For 
instance, although CNC programming is an important part of micro-machining, minimal time is spent 
learning to write CNC code because it would simply overwhelm the HVCC students enrolled in a 
basic physics course, whereas the RPI undergraduates (upperclassmen) have to program the CNC 
machine to perform the lab.  
It should be noted here that in order to ensure the transportability of the MME module to other 
institutions, all of the information presented in the following two sub-sections will be made available 
in the future at the following link: (https://sites.google.com/site/manufacturingeduoutreach/home).  
4.1 Micro-Milling  
 Process Background. This is a scaled-down version of the conventional macro-scale milling 
process that is covered as part of most of the manufacturing processes classes. The tools used in this 
process vary from 20-500 µm in diameter [Liu et al. (2004)]. The small size of the tools necessitates 
the use of high speed spindles in the 50,000-150,000 RPM range. A testbed that allows the students to 
contrast this process with its macro-scale counterpart will enable them to discern the differences in the 
mechanics of material removal and the process planning challenges that are involved. 
Equipment. The equipment used for this lab includes the following: 
x HAAS OM-2 high speed machine tool  
x Kistler dynamometer, charge amplifiers and high-speed data acquisition setup (For Graduate 
Students) 
x Microscope and digital image analysis software 
Learning Outcomes. The educational objective of this segment of the module is to expose the 
undergraduate students to basic principles related to the field of micro-machining, viz., micro-tool 
inspection, micro-milling process, wear analysis for micro-tools and surface metrology.  The expected 
learning outcomes include the following: 
x The students should be able to articulate the difference between micro and macro-scale 
machining; 
x The students should have familiarity with micro-machining equipment, inspection and 
analysis techniques. 
Lecture Content. The lecture on the topic of micro-manufacturing covered key concepts such as: 
1) Motivation for micro-manufacturing technologies; 2) Differences between micro and macro-scale 
machining processes; 3) Micro-factory concept; 4) 
Micro-scale tooling geometries and operational 
speeds; and 5) Lubrication and cooling issues in 
micro-machining.  
Lab Content. The lab portion of the micro-
machining segment can be distilled into three 
exercises:  
Figure 3: (Top) 400 um tool (Bottom) 2mm tool 
A Research University and Community College Collaboration Model Samuel et al.
1175
  
Figure 4: Viewing angles for 
workpiece metrology 
x Exercise 1: Optical characterization of the micro-endmills: Students are given two endmills 
(400 um and 2 mm diameters – Fig. 3) and asked to characterize their initial edge radii. The 
diameters are also measured in order to show the 
large variance in the size of micro-endmills.   
x Exercise 2: Micro-slotting machining operations on 
two materials: Brass and polycarbonate serve as the 
workpiece materials, and two slots are milled with 
each tool on each workpiece. The students must 
calculate the maximum and minimum feed rates used 
for each tool in order to mill the slots.  
x  Exercise 3: Post machining micro-tool and 
workpiece metrology: After the machining is 
complete, the tools and workpieces are placed back 
under a microscope to evaluate the wear on the tools, 
and the surface morphology of the slots. The 
workpieces are viewed from two angles, as shown in 
Figure 4.  
 4.2 Electrospinning  
Process Background. The E-spin process is used to manufacture a variety of fibers ranging in size 
from 20 nm to 500 nm [Huang et al. (2003)]. Figure shows an outline of the process. As depicted in 
Fig. 5, a high voltage electrostatic field is placed across a nozzle (or spinneret) and a grounded target.  
When the electric field is strong enough to overcome the surface tension of the emerging droplet, the 
solution becomes charged and is ejected.   
Equipment. A major portion of the setup effort was in the design of the enclosure to ensure safety 
of the students working with the high voltage sources. Other key equipment purchased for this module 
consisted of the following: 
x High voltage source 
x Syringe pump and needles 
x Water-soluble polymer – polyethylene oxide (PEO) 
x Stirring heat plate, a digital scale and a digital microscope to prepare the solutions 
Learning Outcomes. The educational objective of this module is to expose the undergraduate 
students to the basic principles of electrospinning.  The expected learning outcomes include the 
following: 
x The students should be able to articulate the operational principle of electrospinning 
including effect of voltage, electrode spacing and solution concentration on the diameter of 
the fibers.  
Figure 5: Schematic of the E-spin process 
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Figure 6: E-spinning lab setup 
x The students should have familiarity with the basic equipment and construction of the E-spin 
system, including the design of collector electrodes. 
Lecture Content. The lecture content included key concepts such as: 1) Operational principles; 2) 
Fiber generation capabilities and resolution; and 3) Setup design and implementation.  
 
Lab Content. The lab portion of the E-spinning segment is composed of the following exercises:  
x Exercise 1: Mixing the polymer solution: Students 
are required to calculate the mass of the polymer 
(powder form) and solvent (deionized water) to be 
mixed in order to arrive at the specified weight 
percentage. Then, after measuring these quantities, 
they mix the solution using a magnetic stirrer. 
x Exercise 2: Designing and making a nanofiber 
collector: The geometry of the collector can be 
extremely influential on both the diameter and 
orientation of the produced fibers. Students are 
given time to design collector concepts, and then 
construct a prototype using a variety of materials 
such as aluminum foil, copper tape, modeling clay, 
and insulating rubber. With these simple materials, 
wide variations in fiber characteristics can be observed 
x Exercise 3: E-spinning and characterizing the polymer nanofibers: Students use the polymer 
solution (from Exercise 1) and the collector (from Exercise 2) to collect nanofiber via the E-
spinning process. After the collection period (~2 min) the students take their collector to the 
microscope and characterize the diameter distribution and orientation distribution of the 
nanofibers using ImageJ™, an open source digital image analysis software. 
  
(a) Performing the E-spinning operation (b) Characterizing the sub-micron fiber mats 
Figure 7: Hudson Valley Community College Students Running the Modified E-Spin Lab 
5  Assessment results 
A total of 68 students across both RPI and HVCC have experienced this module over the 1.5 year 
time-span. Table 3 provides a breakdown of the student demographic. It should be noted here that the 
Rensselaer students in the graduate-level course AMPS, served primarily as the “creators” as well the 
“initial evaluators” of the content before it was offered to the undergraduate students across both the 
institutions. For this module offering, the undergraduate students from RPI and HVCC worked only 
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with their institution peers. This was critical because the students from the two institutions are at 
different stages in their technology/engineering curriculum. The remainder of this section highlights 
the assessment details obtained through surveys taken by the students.  
 
Table 3: Module implementation status across all institutions 
 YEAR 1 YEAR 2 
Institution Fall - 2014 Spring - 2015 Fall - 2015 
RPI 
15 students 
(Course: MPS- 1, 
AMPS) 
10 students 
(Course: MPS- 
2) 
18 Students 
(Course: MPS –
1, AMPS) 
HVCC 
9 Students 
 (Course: MECT) 
- None - 
16 Students 
(Course: PHYS) 
 
 5.1 Year 1 - Feedback 
During this Year-1 implementation of the module (Fall 2014, Spring 2015), while dedicated 
undergraduate education infrastructure existed for the electrospinning lab, research infrastructure was  
used for the micro-milling lab. The student feedback data from the micro-milling and E-spin 
modules is presented below. 
Cognitive Changes: The student responses for both the micro-milling and the E-spin modules 
indicated that the students were learning the key processing concepts related to both the processes.    
x Micro-milling: The students were able to articulate the techniques for micro-tool 
inspection, the detection of tool-wear, and the technical capabilities of the micro-
machining and the surface metrology unit.  
x E-spin: The students were able to explain the nozzle inspection details for E-spin, the 
process mechanics of E-spin and the trends seen in the droplet diameter as a function of 
viscosity and voltage.  
Affective Changes: The student responses indicated the following themes:  
x They liked the “access to new technologies that are otherwise closed off”.  
x They appreciated the “novelty of the equipment”, “uniqueness of the processes”, and the 
“research efforts.”  
x For some, these technologies offered “new possibilities” for their own career.  
In addition to the above comments, student feedback strongly indicated a need for a greater hands-
on experience within the lab portion of the module. The student feedback was instrumental in 
establishing the MILL Expansion space discussed in Section 3.2. 
5.2 Year 2- Feedback 
During the Year-2 implementation of the module (Fall 2015), the module was run entirely using 
the MILL expansion room resources. Both the labs were modified to provide more hands-on 
experience to the students. The results for all surveys completed during the Fall 2015 semester are 
presented in Table 4.  
The ratings given for Statement #1, #2, #5 and #10 indicate that across both the institutions, the 
students see value in being exposed to the module. However, one can see interesting differences 
between the perceived value seen by both the demographic of students in their responses to the other 
questions. For Statement #3 dealing with their confidence in the content area, the HVCC students, on 
average, reported that they received a larger increase in confidence in the content area. This is likely 
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because the freshman demographic of HVCC perceives a greater value of the content as opposed to 
the upperclassmen of RPI. This could also be reflective of the fact that HVCC students also do not 
have the same level of exposure to research-based technologies as the engineering students at RPI.  
 The RPI students desired a deeper understanding, which would be expected from juniors and 
seniors at an research university, and is confirmed by the lower level of agreement with Statements #8 
and #9 in Table 4. The freshman HVCC students did not possess the capabilities to delve deep into 
data analysis the way that the RPI upperclassmen could, so they did not necessarily feel the need for 
more depth in the lab segment. This is confirmed by their higher level of agreement with Statements 
#8 and #9 in Table 4.  
It should be noted that the efforts reported in this paper are only a small step in terms of the overall 
efforts needed to formally promulgate the advanced manufacturing curriculum at both institutions. 
Depending on the mission of the institution (i.e., four-year research university or two-year community 
college) this effort could take different forms. At RPI, this effort has included the following thrusts: 
x Introducing new labs on advanced manufacturing topics as part of existing undergraduate 
manufacturing courses. The content presented in this paper presents this step, which relies 
heavily on the 4MAT learning cycle.  
x Designing special elective courses for undergraduates in the areas related to advanced 
manufacturing technologies. At RPI, the topics covered in such courses include composite 
manufacturing, digital manufacturing, micro-machining, and additive manufacturing. 
 
 
Table 4: Average Survey Scores for Micro-Machining Lab Segment (Fall 2015) 
 
Statement 
RPI-
Average 
Score 
(6.0 Scale*) 
HVCC 
Average 
Score 
(6.0 Scale*) 
Statement 
RPI-
Average 
Score 
(6.0 Scale*) 
HVCC 
Average 
Score 
(6.0 Scale*) 
1. Use was relevant to 
my academic area. 
5.13 5.00 
6. Use of the 
equipment reflected 
course content. 
4.75 5.53 
2. My knowledge has 
increased as a result of 
use. 
5.19 5.20 
7. Use of the 
equipment reflected 
real-world practice. 
5.06 4.93 
3. My confidence in 
the content area has 
increased because of 
use. 
4.44 5.27 
8. The time allotted 
for use of equipment 
was adequate. 
5.06 5.40 
4. Use of the 
equipment motivated 
me to learn the 
content. 
4.81 5.07 
9. Use of equipment 
suited my learning 
needs. 
4.94 5.13 
5. The project 
provided opportunities 
for students to practice 
content. 
5.38 5.40 
10. The hands-on 
approach offered by 
this project is 
important in my 
preparation as an 
engineer. 
5.56 5.27 
* Likert Scale: Strongly Disagree = 1, Disagree = 2, Somewhat Disagree = 3, Somewhat Agree = 4, Agree = 5, Strongly 
Agree = 6 
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x Providing pathways for undergraduate research experience in advanced manufacturing areas. 
This is critical because research labs are the places on campus where the students can get 
hands-on exposure to these technologies. At RPI, the students are encouraged to sign up for 
research credits in order to satisfy their undergraduate free-elective requirement. Alternately, 
they could also do the same for research experience or for an hourly pay.  
x Providing a pathway for implementing a New York state approved “Manufacturing Certificate 
Program” that requires the students to take a selected combination of coursework and 
manufacturing-related work/research experience.  
Needless to say, such curricular efforts have to be based on a solid foundation provided by an existing 
manufacturing education infrastructure. At RPI, the Manufacturing Innovation Learning Lab has been 
the driving force towards these curricular initiatives (http://manufacturing.eng.rpi.edu/MILL). 
Given the mission of HVCC and their legacy investments made in the macro-scale manufacturing 
education infrastructure, our collaborative teaching team is of the opinion that supplementing the lab 
exposures of HVCC students with guest-lectures from RPI faculty may be the best way to formally 
introduce the content into their existing curriculum.  
5.3 Future Work 
As the module gets more integrated into the curricular framework at both the institutions, the 
content will be customized to meet the pedagogical needs of the specific student demographic at both 
schools. In addition to continued improvements on the module, Quadrant 1 and 4 activities as part of 
the 4MAT system (Fig.1) will also be pursued as part of on-going efforts. In order to ensure 
transportability of the modules to other interested institutions, online resources will be created. The 
following digital resources are being currently planned: 1) Instructional videos for the micro-milling 
and E-spin modules, 2) User manuals for the labs, 3) Equipment selection and assembly for micro-
milling and E-spin. A purely on-line module of the micro-machining lab is also being planned for 
collaborations with remote institutions.  
It should be noted that the findings reported in Sub-Sections 5.1 and 5.2 are preliminary in nature, 
since the efforts to-date were focused on getting the Rensselaer-HVCC collaboration off the ground, 
particularly in terms of equipment resources and implementation of the labs. The informal surveys 
(reported in Table 4) enabled the teaching team to iron out some of the basic flaws in the lab offerings. 
Now that the module is functional, the team plans to use the services of an external assessment 
consultant to document the efficacy of the labs. 
6 Conclusions 
The paper presents preliminary findings from the implementation of a collaborative micro-
manufacturing education (MME) module between Rensselaer Polytechnic Institute and Hudson Valley 
Community College, located in upstate New York. This case study illustrates that the geographical 
proximity of educational institutions, coupled with their complementary student demographic and 
mission in terms of manufacturing research and education, can result in a symbiotic relationship that 
promotes the cause of advanced manufacturing in the United States.  The key aspects of such a 
collaboration include the following: 
x A co-located educational-space model where the research university maintains the equipment 
infrastructure and ensures the continued improvement of these modules, while the community 
college students have access to the space and teaching team. While space has to be allocated 
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by the research university, the necessary equipment can be obtained by leveraging strategic 
industry contacts across both institutions. 
x A focus on micro/sub-micro-scale manufacturing processes that provide the synergy needed 
for an effective collaboration between the two institutions. For the research university these 
processes are part of the manufacturing research portfolio whereas for the community college 
these represent a new addition to their manufacturing curriculum. 
x Leveraging the graduate courses at the research university to create the module content, which 
provides the PhD students well-needed teaching experience while also meeting the needs of 
the undergraduate students.  
The preliminary findings indicate that the students from both institutions appreciate the exposure 
being provided by the module. As the module gets integrated into the curricular framework at both the 
institutions, it is expected to have a positive impact in the manufacturing interests of students in the 
upstate NY area.  
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